


Recently, a planned experiment. was descnbed [1] to measure
the phase shift of a slow neutron. .moving through the Narrow,
channel The experlment is based on the geometrical example
of. qua.ntum nonlocality, shown in: [2 3] -the:phase: shift in the
neutron wave function arises due to a change in its’environment.
(boundary condltlons) when the neutron enters a narrow channel. -

The resultlng phase shift can be calculated via energy argu-
ments. The energy ‘F of a neutron with the mass m movmg ‘in
the z-direction in the spatially (z,y)’ restrlcted geometry (a tubeg
w1th a squa.re cross sectxon w1th side a) is::
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For the case n; = n, = 1, the: change of the 1nc1dent momen-
tum po due to introduction of constriction is’ '

Ap=p0—p=v2m'E( \/1—7r2h2/mEa2)~(7rh/a)2/p (2)

E Pz/2m + (n + ny)7r2h2/2ma e

‘The correspondJng phase shift at the channel length L 1s o
Dp= LAp/h | @

However the perfect crystal"neutrbn 1nterferometers are usu=-<

ally oriented honzontally Therefore, for a neutron travelhng
through the channel in the horizontal 2 d1rectlon, an addltlonal
shift of the energy levels takes pla.ce ‘due to the presence of a, 7
gravxtatlonal field (in the vertical y—dlrectlon) and the reflect-
ing Horizontal, inner lower surface of the- hor1zontally ‘oriented
channel [4].

The real potential for the neutron in the horlzonta.l channel‘
is

o V(:c) =70, for a > z 3 0,

. V(:B) = Vh, for z < 0 a.nd :z: > a, 4}7;:‘, : (4)
A,V@)=¢mw,bra>w>0 ,@s,,g”
V(y) = Vo+mgy, for y<0 a.nd y>a, ()
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where Vo' =;‘ —47rN b is the potent1al of the‘ "reﬂectlng Walls of ‘

the channel, N is the atomic’ dens1ty, bis the’ coherent scatter1ng
: length of the Wall substance, and g is accelerat1on of grav1ty

ergy levels E{ (in 10‘13eV) for a neutron 1n the one—dxmens1onal
-potent1al (5) (a = 20um VB = 100neV) U

Level number 7. S e et 1 'V2'::,‘ti'fil3 ,?;~ o4

Potential well W1thout grawty *‘5 09 204 45.8  81.5::
Gravity with a reﬂectlng Crer T RN G e
horizontal surface S S 14 0 24 5 33 05' 40.6

Grav1ty in the potentlal Well Eg 144 300 54 0 87 3
- It follows from the above that (1) transforms 1nto

E pz/2m+n27r2h2/2ma +Eg o (6)

For the case Where Ny = z =1, for the above example, corre--

spondmg phase shlft will’ be
, g
nZn? h? / ma?
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+1/2)A,o ~ 1. 9A<p L ()

In th1s exper1ment both the nonlocal quantum mechan1cal

effect and the 1nﬂuence of gravity on the quantum: phase may
be demonstra.ted s1multaneously To separate these two effects;
measurements W1th d1fferently s1zed constriction are poss1ble S
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